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(54) LASER HEAT TREATMENT METHOD AND LASER HEAT TREATMENT APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a thin film having 
excellent crystalline property to manufacture a high 
performance thin film transistor by respectively 
collecting and radiating a first pulse laser beam and a 
second pulse laser beam in different absorption 
coefficient for the film material on the substrate in the 
shape of line to the same area of a film material on a 
substrate. 

SOLUTION: After light intensity is adjusted in an 
attenuator 5, a first pulse laser beam 3 is shaped into a 
line beam in 7, while after light intensity is adjusted in an 
attenuator 6, a second pulse laser beam 4 is shaped into 
a line beam in 8 and is then radiated to an amorphous 
silicon film 9. In this case, at the surface of amorphous 
silicon film, width direction of the line area radiated with 
the second pulse laser beam includes the width direction 
of the line area radiated with the first pulse laser beam. 
The first pulse laser beam is the laser beam of ultra- 
violet region, while the second pulse laser beam is the 
pulse laser beam in the visible region having the absorption coefficient lower than that of the 
first pulse laser beam. 
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(57) (IKE*) 

-5. IlO/UXl/- *f3£3<S:&2<E>/t;i/*t'— tf^4 




-fyt&mzz-tzm i v-if jtss^afc , 

±fSmi^/^^-if#^Att£*U 

2 tfv^* u-if#£_Lfei! l <D'<;i'* if*fc 
l^#±lcM£itTffi&hr 5^ 2 ^/U^ U-if #3§£^ 
gfc£<i*L, 

2 v-if 3fe&ttfl8«t«5^fi8l*T?# 5 J; 5 K Lfc 

IBm 1 O^/v* *<D 2 «MW«Sr»^-r 5 r £ £ 

t i-SMf** i if r ^-^«c 

[»*K3] _hfES 1 ^Vu* if B 
ff*^«rSttH«f i Utffli\ JbEW l GV*^* if 

«MR fc "T 5flM*« 1 *> 5 v 2 IB«o if T^-/^ 

So 

[»#JU] ±B« 1 w-1f*»4#«*«. ± 
BtR 1 <D/*/w* U" — if 36 fc UTfg 2 *»Bfc*:*4i--6* 
S*rt«ttftaE»*S«r«r*.fcH* v-if 
#m fc -t-sw** i 3 ^-Tft^iatto i* — if 7 = 

[»**5 1 ±ejs i o/^/u^ u-tf#*£#*#, 

±lBfg 1 tfv^;* u- if 36 fc ttf 2 iKBIj6Sr«*i-S 
Q*-f y^twi!9/^^ft*^Hi*i^— ift?*>S w fc 
£4**fc-r*i»*S i <7>t^i**L^IS*ou-if T 

[»**6 ] -hlEMSitfc-LIB* 1 (Dsifls* U- if 
*^<fcO ; ±iEm2^/u^i-'-if^i^^:Lr, ±IBtt 
JSttfe±fc:JSat$ii\ f£ 1 tfV^u* if 3t<ofl8At«« 

if36<DfiMt«*tt:* ^ 1 tfv^w;* if 

<fc 5 tt5*3tfSSr«t5I fc * 
1 7iM 5 <0^-rthfrWM<0 if 7^ 

[0 00 1] 

U =»y^i^ B B aW, I TO ( I n d i umT i n 

oxide) m<oni£&ik\c£zmm&&wmz«im 

[0 0 0 2] 

#^B2 5 6- 2 9 3 2 3 &'2tn\Z7jk £ ^fc U— if 
/^■jWanfejh/Ct^fco il 0ti#^BS5 6-2 9 3 2 
3^-^{C^^^Tl^^^l— -ifT^—^gcD^i 
f&$:7F-f-7v *y?mX'&>Z> 0 Ut-iB^T. Q*<f 

*u-ifT-feS^^^-if**itt, Q^-fy^fcJ: 



t) s<juxfc £ ttfcS*K3feT**> 5 SB 1 flV^* u-if * 
2^Mt^o 3li|lO/^l/- if36 2 036&&2 

y y y ^ 3 t* 2 ^rsjtx^ift sttfc^ 1 u-if 36 

20 5-fe-*056tt*5tS-r^ai«3te^*. Slijio 
✓nVu;* l— if * 2 <D*H«RSr««i-S3t«**a* 

l *v<a* if 36 2 oftfflttft 36n&&Xtt8 5 
«fc 9 «tt LfciMMOt"?*)** 2 u— if 36T-fc 

5 C 7li4 5° AM^l«)ttfc^Il co/nVu^I/- 
if36 2£r^ilL4 5* AJtO!«Hj63tT?*)5*2^/U 
if 36 6 2fetttr— A^^y y*, 8i* 

[0003] &U:SMtt£ov>-cffc03i-£ o ^vu*v— if 

y^3^«t*) 2*sj^tt*ttSo ju^^y^ 

^ 3 5 m 1 O^/u^ if % 2 ttiSJE*** 4 

A^7°y 3/ ^ 3 J;o-cEft*iSi:SJtSiifc» l 
/u^u-if3t2tt*fflJfe»aiffiF«5J2:A«tU Ml<Os< 
u-if3t 2 aH3tH«*^iS«ep*ttfcfB 2 CD/^ 
/u^ Ix-if^t 6 \Z^&£tl s 2 fettt^^/y^^7 
(CPJ^-T^ 0 2MlT^/y!x^7tt, 4 5° Aff 
(O^ico^/u^u— if3t2Jc^UTfiaiaa. 4 5° Alt 
<oKB|j63e;-e*>^*2 <Ds</ux u-if3t6 i:»tTttR 

r $^fc^ i o/^;^ if 3fe 2 <o^K fc ^fe/i&gc 
iBffiFSK J: *9 $ ^fe* 2 o/^/u^ u-if 

3fe6^5fe»li-&fiK**t, IBKO/^u^v— If3fc2*5j:tjs 
JB 2 O/^/u^ U-if 3t 6 li fc 4> ^**K»3t^ 8 A 

i^Tfe 2 *5 J: 2 coy^^u^ u - if * 6 fi fc t ? 

if3t2^t>fc5>*^«fM51tttt, 
fc tS*JR*-e*>SJSi o^/u^ i/-f*2 02^ 

[00 04] 

[56W^«»:UJ:9fci-5«WHl ^*^i^-ifT^-/u 

* 4: ^:«>, A^p D a^^^S«^ 
S*d«*<. Kfa = ^ bd**ffli^*Sfcv^5aiH^S>o 

[0005] a*»fcisw«3fefc^^^ ^ >^ 



[0007] ^fc, ftm&&mmm^&\,^x&m$iytic 

[0 0 0 8] Q>W y^m&ls-Wmttgift. 

[0 0 0 9] r<D$ge;m. r<7)J:9^11^t^fc 

y v^tfr ^ "TtB* if X=i— 
[0010] 

ro*Ww«5U-ifT 

1f3feSr«4i-^!Bl^^w— « 1 
✓<yu* ifftj&SAtt£jft,, J5iO/^u-f)t©- 

if ftSrSB 1 flV^u* if ft t (^ttLtt::fifi$-£T 

tufc^ l £D^/u^ u—ifft*? 2 co^/u^ if 3t 

[ooii] ro^^©u-ifr^-/i-3gStt, % 
2 ^/l^ u— if %&£.^Wt&& i o^/u;* if %<r> 2 

[0012] ifr^— A-SSBfi, ft 

T^i\ Si^/u^i/- ifftk LTfS2Sin«*:«£ 

[00 13] ifT^-/u««tt* % 

1 u-if ft$g£^R^ m 1 co^u* u— if ft k 

[0014] r^ic^sw- ifr^-^Sfili, fg 
1 «/^u^ u-if ft$&£^Rj&s, iiw/^v- ifft 



[0015] r©»Wfc«5u-ifT=-/i*Rr4, S 
g^rLf-^ l O/^u;* if ft*5<fc i;|20/^7 
ifft&lfcftLT, »K#ft-hfc:JIMt£li\ f 

if jfeoRSMWKsdSfR 2 tfWu* w-if ft*>Jfi|*«tt 

^vu^ if yt<Dmfftfgt$,ft\z®:m't-z> x b t-i-s^dft 

[0 0 16] 

7£flg-e*>5 u-if T^-^a^«J*^r^-r^n 5/ * u 

ifft 2 1 ©/^^ v — ifSSft 

^S-efc^o *l^/^^-if3t2 03tKrt^tt, ft 
lO/toi/- if 3t<a— LT, JH^MfilcjK 
S^r^i-^^ 2 co^Vu^ if*^^ l ^/^^ u—if 
* t mMi ± \z El £ itT UiH-f 5 m 2 ^^/u^ u-if 

IO/^/u^u— if3t2«r*3tU #«8**«fl0© 

*KtfbiiTv^5. ok&m&Voxh 

ft LfcH 1 O/^/u^ if3t 2 *5 it/^ 2 <D^/w^ ix— 
if3t 6 <DmtrJjfo$:\Kftlz$iV) mifZ'O K$7-l 
2, ^KO^/u^ v-if3t2i5ci:r/^2(7)^/i-^i-— if 
>fc 6 o tr — a s*s J: tr— aje^^ «9 ^ ztuboo 
i^-ABS3fe*^ l 3 ifcitfSI 1 tfV-SAO* if 36 2 , 
»2 0^yu^u— if3K6«:*3tb"C, ^0^3t^^>^ 

*hr»wr 9 <Dmktm®tz&&-tz> x ?mmx$ , &m 

^\<0/<)ys^\s—^%2&&Tj%2<0'<;\'^\<'— J f 

[0017] cco^^o^igo^o^/i-^ t — if^t^ 

^v-if3t2«:56**-«i:TV^ 0 1 0 

f± x ^ — B B O (^-BaB 2 0 4> ^^U^A^' 
h) ^a^fflLtib^, ^5 1 5 nnKOft-Cifc 
1 O^/w^ U— if ft 2£AttU SIWaV^V- 
if ft 2 <D 2 ^1^5^2 tf>^/W* if ft 6 
$L-*Z>m. tt«8**##Ifc*ii* J: 5 8 - B BOS 
^O^®^ y h^^LT^^o t^oT. ^2cO/n°/U^U 
-ifft6te. ^2 5 8 nmW|«^5c SI 



n 9 rtT-e/u^ T * ]} 3 ^ffi-e, ryt&mtti-tz 

[0 0 18] ftCiffSrKMtSo if3t« 1 

SrfflitL^IBlo^u^u- if#2tt; i3t^>Xi l 
{cifjft**^ 1 OCAltt^o 

&ft*m* l 0 fi, «tr56 Lfc «fc 5 lc 2 ffiFXM£3K£i*l:: 

^HWJfc**^ l 0 ^ASt LfcSS 1 If ft 2 

^-»tt2ffiF*W*-««*»**i^ 

i"5iS2<D/^W* U—if#£jfc5 0 g|2(7Wu;* V— if 

tf, m2<Ds</\sXi— 1f5t6ti, 1 O^/U* if 3fe 
[0019] ifcjR^^ljf^ i o * manias 1 <7V^ 

S3fe*» 1 3 MA*ht-£o f-^SSSE*^* 1 3 

9, lio/^ if ft 2 ioJ:^2^;M if 

[0 0 20] **BRft3t^* 8 Alt UtfS l co/^^ 
ftZtlZo V-if#2 bM2<D/< 

^9<DiS$^SiS$tt-Cl^o «o-C, IlO/^ 
v-if3t2tt+iMfe3feSHT^^*l/^(B-e, f 2 0^> 

[0021] m27b^m4^ z<Dmw<DmM(oMn\z 

u-if r =— /ugl^S 1 if ft£>5^ 

ttK 2 O/^x u— if oi$IW^ffc«r^-*- ^ 

(arbitraryunit) $r^^t^5o 

m 2 ttfmmxfrn* i o KASti-5j»<E>m i ev^* 

u-if3t2^)t5fifl[O^PJl^bS:^L, 0 3 I4#«tfg3fe 
¥SHF- 1 0 CAM Lfc^Ofg l if 3t 2 

a«oi*«i*{bSr* u ei 4 n&mj&x&m* i o 

£ Lfcgl 2 (D^Vu;* l — if ft 6 <03tSftftO«FHI^kS:^ 
0 AltffloSS 1 if ft 2 cDft3£Sl4. AjSJC 



m 1 t<— ifft 2 <D%Sk&<Dtifm&ik%^1rs</i> 

[0 0 2 2] ^ 2 sv^i,;* if ft 6 {43£ l <7>^u;* u 
-if ft 2 CO 2 fe&ffll&X'h V , r<0 2«aiBIStS:*^i- 

«B5o2«*w*^a8**i(iai*r4, s»»fcwc#« 
»3fc***i o^A»i"*tttt**** (rem K 

ifft2) O3t»a[^2*^jt«i-5o ^ 

ot, ig)2ic*3^r. &&teyt^m*i o^^M-r^m 

1 U-ifft 2 ^*5^T, **ft»£afi««>-ftl4 

fife(om^-ifc^2fSiSii«^*^tt5«d^^s<, * 
v — if ft 2 (omm&m±, it$myt^m*i oa 

^>»ffi^*5^^Ttt, 11©/^ if3t '2©*t4B 

ti. ^awfjt^T-i oiiigftj^r*. 7 o n sit (m 

2#i) ^bl20nsg« (B3»ffi) tft<ft5o 
[0 0 2 3] SB 1 O^yu^ I/— if * 202 fgiiili&-e£> 
5I2©/n°;^u- if3fe6(D^SH, _h3£o <fc 5 

1 co^/u^ u-if )fe 2 <o%&Bi(0 2 m^ttM-tZtitb. 
m2<ns<;\s7sU—^%G<nftfc&<nmw&m*. I34t£ 

*j»jfg*^3S^F- 1 OAlt^I l <ds<;\sx 

^—vft2<o%&m<o^mmffi£frtz.&Mtt£z>o r 

^3fe*. *2©/<;w v— if 6 tfWu;* graffiti:, ^ 
if3t2 0^/u^^Htrtb-<Mi\ ^ 

if3t2 0*^3fe^*l-^JS"t-5fcJe), *2©/^ 

1 0 AltHtJOm 1 <D'<;\s* W-if3feco^flf^^ 7 
Onsgl (B2$ffi) T^5^l:WU 12 0/^7 
1f3t6^^fi[^««2 0 n sit (B4#ffi) 

[0 0 2 4] COm^iCiS^Tfi, 

if*2co 1 0%*lffi^ x m2C0/^w^ if3fe6 — 
Ut^o % 1 tfWU* U— if % 2 h% 2 <D/<7\S 

i«t fit ta oists r i:^t*t^o -t-**>t>, 
*fyt2<DAM&m&mk'i-z><DT\ ^io^vu^u~if 

[0025] ifr^— 
/HSi©»BMK»9il:*5it5)( l o^Vu^ i — if* 

2 i:S20/^ w-if3fe6 0BS|t^^T-*)5 ^—jU/< 

1f*«>JBI*«l« (^-A/n^V) 3 5#, ^2^ 



< , m 2 <K>'<>Vs\ U-if *Oj®ftffit§6 3 6 lt$£ 1 V>*<ty 
* if* 2 oHMttHtt 3 5 fcffiltt- £ «fc 5 I-** $ 

[0 0 2 6] ^2 O/^* if * 6 Ji, ^1 <0'*>Vs\ 

2 tf2 0/^ V— if* 6 3fc«> % B5 

"C^ LfcB 1 <0/*/u;* if* 2 *5 XTfWS 2 <D'<>v^ V 

— !f * 6 <oflglt«« 

if * 6 o**fiti»^*flg*tK*i- 9 ^tan-r^tf, wmtt 

l G>-*a,* if* 2 

<t 5 l-SS 1 O/^/W^ if * 2 <DfS8tfi« 3 5 ftSBtc: . 
m 2 <D'<?V7. if * 6 <DJB*f 3 6 j&Sfift o XM$. 

[0 0 2 7] H67*M8ti\ r (^*W<7>3aSo»«tc:« 
£ if T^— /^@co^ 1 tfWU* V—if* 2 
ttJK 2 <D/<;ux 1— if * 6 «:HKAt Ufc*flH»K»-e«>* 

— ^)7^7r ^>y ^>M^^so^ra^>fb$rH-^ 

0 i§ifi%0 j£ 1 o^u* if * 2 O^&ttJRIrtW 9 
KiHMt LfcRottflgjf Wtf* 9 o jaffiO^rlM^fc: £^ U 
B7ll*2 o^/ux if * 6 0&«rttIIMttK» 9 fciRfl 
Jtb^Bo*B4tK»9Oiaa[(0^M^fcSr^U, El 8 
f±, SB l o/^u* if * 2^*2 o^u^ if * 6 

fit, m lO/^w if*2*5j:^2 0^/u^ if 
*6tt*fcfc|ig— *»Sr#U *»»****10^6 
*JWrtt»9^3E«fc*, fl5#*SSL»HMtfm9te 
fiS^-T S^Oil 1 cO/nVu^ W" if* 2 t ^ 2 CD^/W* v 
~if*6<D*-f S^tt, 

% 2 o/^/u^ u— if * 6 5&±&T<D%$ 1 (D^nVU^ V— if * 
2 i*20/<^ w-if*(0*^ ^^^s«l«pSix-5 0 

0ns i^Ol 1 <D^)Vy\ V— if* 2 (DfitPNil* 
i20ns aS^>m 2 0V*/u* Is' — if* 6 a*B*mftfc:ffi 

[00 28] ^1 O^/U^ if * 2 <D&^ 5 1 5 n m 
Jc*5rt5»flRlt9W9-Cfc5T^/U7T^^y =i^cdp^ 
flRfiRftW:, 1. Oxio'cm 'sft, f&2<D'</i'X 
V-if*6<DffiS2 5 8 nml:^lt5WJlt|f9ffe 
&T^/u:7t = >-o®Mx^^te. 1. 0X10° 

Wen. Sg2 0^/u^u-if*<o^s 1 #r*:#^o ^ 



= >BI-CKiR**T/So^jfc^ *i <7>/^^u— if* 2 
^T^e/u^ r * y =» ^Kl-*5V >T»iRSft5«l^tt^ 

ftv\ 

[0 0 2 9] 6 ^^i" J: 51-* ^ l i^— if* 

2<D*&m&\.tci^<o&fmfcW9<Dum&* must 

ic N 2 co^/u* w-if* 6 o^SrfigJt Ltz*fr&\zte^ 

mamma*** bMm^umt-±^ v^mmmn 9 <dwl 

&i^m *) % 3 0 - 4 0 n s msoBih »jftae#<*>— 5©& 
**r«*Ufc«, ^>lc«cCT^5o $2^;mv- 
if*6^, T^e/u^r^^y =»^t-^"*"5KiR«fRd s * 
# ^fc 26, ^ 2 (DxnV^^ -if * 6 9 J^flR 

MUfc^P, f2^;Ml/- if*6<Oflgi*««3 6rttr 

^2^^U~if*6 0^^Stbfc^ itt^i£«-e 
-^iSJ[365«ISS^oWt, 7^7r^->!)=^i 

,<,UX U- if * 2tl20 if * 6 LTiM b 

»*3fi«-e<D-«iafl[«Ftt«rtB35s, ^2 <r> 
,<ju* if* 6 ^SrKIt Ufc*&(c:it-<*:S{citin 
Ls 1 5 0 n sSfl[<DBB, KjflL5£«Offl*iSlNi»S*i, 
Z>o ZLtift'</*'Xi%flB1g<o&\t*t& l co/^^ u— if* 2 
Srftffiati*** 9 r t f9 s S£ 2 O^^u^ u 

-if* 6 *>RiR-C£ tfc»(Z>«JfcdsSb*«i^*t«*^ 

[0 0 3 0] MLt7^7r^^y Jft<^ 
R«tifcl;:«Itll*&tSo ^co^, if*fi^tT* 

^±izmm-tz>z fctt<»«bfc->y ^>^^^ 0 b b ^ 
fejKy v-y =^M-tadjk-f-So ^y ^>y = 

^ot, »i^«^»«iftsr#-r<5^y >-y = >m&M& 

[0 0 3 1 ] v^y 7^77^^!) 

*ttfi+»^fiB*-t-s^ t^-e^-f % .-Ky v-y 3 v^co 

^ B H a^(D^^li/h^< ft^) 0 Z.<Dtz#>. Hk/Hi&mC&i't 



[0 0 3 2] «fi8it»W9-e*)ST^/U7r^v' 

=» r. t ftv\ 

[00 3 3] w<0»<D#»cJ:*Ui, »BS4tKJ|sF9^ 
»UftiR«8WS** < #*#fc«*«r 2 ©'Vi, 

ST^/u^r^v-y ftiw»^L*^jp|Ru, i2 

<7V^/u* w if 3t 6 Jfc^fcBRamJR- 9 tc«-r § »4X« 

1 <d^/u^ ix— if % 2 id «fc 9 ttfiftat W» 9 f^lc^^b^ 

2 0 0 cm/VK±<0«v^^»a[Sr^r-r5^y v'JJ 

[0 0 3 4] ^T««lC«ftS:#i-§JBio^/^ 
^^2^ M®l:M^*t^$2^7i/- 

2 t jR 2 <7V^/U* V— if * 6 (OmttfJ 5 ^<y\ZL£o? 

r, aft— ^JHM<DfiStt^*<^b+5« tot, is 

1 if 3t 2tf 2 u~if 3t 6 Sr-^ft 

[0 0 3 5] L*»U**«e>, rto*Jte^S^J:^tf % 
^ffi^U:8tS£:^pr 531 1 tfv^u* u— if # 2 1:^1, 

^ 1 <0/*>v>\ V— if 3t 2 £ ^ 2 O^VU* if % 6 

2<D^/U^U-if5fc6«:, #«Jg3te¥3H^ 1 0 JCljfcl^T 

n 1 tfV^* v-if 3fc 2 t P)tt±{c^^ U m 1 

X Is—Pit 2 *5 <t t«B 2 O/^/U* V— if * 6 }fc?& 

*4fu ttVkmx&m+i oa»b««»iW9*-eei£ 

9 ±tOS 1 O/^u^ if 3fe 2 ^ ^ 2 O^P* if 
It 6 oHB*t*>f ^ y^^g(:-^l:§o; t &Xcf Z> 0 

[0 0 3 6] ^/c, ^^^(O^^^^^T^. gl2<£> 
✓^u* i — if % 2 *r**-*-5ttftaE**» t It 2 fgffi 
aft**Sr*JfflbTV^ 0 w0 2{gK^&$g£tt?D^£ 



[0 0 3 7] *2<0^/u^u-if5t6rtt*lft^3t 
1 0 lc3ol^Tg§ 1 tfV^u* u-if ft 2 t m$&±\z. 

T*ft <, II <r>'<)V7, if 3fe 2tg2 CD^/I-^ if 

[0 0 3 8] ?ktt s z<Dmm<omWi^^^x^ msx 

T^LtzXv^, *fi8J*K^9±(OfBi<o/>V^u-if3t 
2 OffiltAtt 3 5^ 12 O^/U^ U-if % 6 (OfiRft 
ffi«3 6 5»SE*ttT^Sfc«), ^20/>° 

if^fe 6 <D^®% 3 6 ^^*?fc Q % $&1 <D/< 

/ux if3t 2 K J:oTS(oSi4^f«l:«fi^, 
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